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SUMMARY 

The purpose of this AF.PA-suppor'.ed program is to develop an under- 

standing of the molecular kinetics pertinent to new high efficiency, high 

power lasers.  We are studying high pressure gases that arc initially 

excited by intense bursts of electrons.  This initial pumping energy, 

which is primarily deposited by creating atomic ions, rapidly collects in 

the lowest molecular e-cited state with an overall efficiency of the rare 

gases near 507», 

Rare gas Jimers for which the ground level is repulsive, in particular 

Xe2, Kr2, and Ar^ have already demonstrated laser action but with disap- 

pointing efficiencies.  This problem, coupled with the relatively high 

gain (implying 3ow energy storage capacity) and with vacuum ultraviolet 

wavelengths, has led us to consider ways of transferring the energy 

deposited in the  rare «as to other gas molecules to improve total efficiency, 

shift the wavelength to the near ultraviolet or visiüle, and improve the 

inorgy storage capacity. 

This report summarizes the studies we have recently made on e-beam 

pumped mixtures of argon ^nd iodine.  We have observed very high fluores- 

cence yield in a band near 340 nm from such mixtures.  Since the potential 

curves of the iodine molecular state responsible for this emission are 

offset with respect to internuclear separation, we anticipated that r.his 

medium would have good prospect as a laser candidate. 

This manuscript was submitted in April to Applied Physics Lettcis, 

and will be published in the September 15 edition of that Journal.  Copies 

were also sent to several laboratories where e-beam pumped User research 

is carried out.  Subsequent to our suggestion, a^ least two of these 

laboratories have observed lasing on this transition in molecular iodine. 
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J, J, Bwing from AVCO-Kvtri't t reported tint lu> ohsrrved lasinn nol only 

Irom niülecul.ir iodine mixoil with argon, I it also from mixtures oi argon gas 

and iodine-bearing compounds such as CF I and Hl.  M. Bhaumik reported to 

us that the laser laboratory at Northrop has observed lasing from CF I 

and that the pr nputed efficiency is rather promising.  We are currently 

earring out more detailed investigations of the kinetics of these systems 

in order to understand the mechanisms for populating the upper levels 

and removing the lower level of this transition. 

Hiring the last reporting period, in addition to the discovery of 

high pressure argon/iodine mixtures as a potential high efficiency laser 

medium, we have also continued our studies of e-beam pumped mixtures of 

mercury and xenon,  A detailed account of these investigations will 

appear shortly in the Final Technical Report for this contract. 

/// 



■ ■" I"11 

THK PÜ'JSIBII.ITY OF AN EFFICIENT TUHABLE MOLKCULAK 

IODINE LASER NEAR S40 IM 

A.   V. McCusker, R. M. Hill, Ü. L. Huestis, 

D. C. Lorents, R. A. Gutcheck, and H. H. Njkano 

Stanford Research Institute 

Menlo Park, Call .ornia  94025 

ABSTRACT 

We have observed intense band emissions between 340 nm and 344 nm 

from electron-beam excited mixtures of high pressure argon gas and iodine 

vapor.  This emission appears to be from molecular iodine.  Using the 

3'i7.6 nm band from an Ar/N2 mixture as a calibration, we have measured 

the fluorescence yield in this wavelength region to be 70 ±  UX,     From 

this we computed an over-all fluorescence energy efficiency of 13 + 47,. 

Based on thesr observations, we suggest the feasibility of an efficient 

high energy electron-beam pumped argon-iodine laser.  The gain of such an 

argon-iodine laser should be comparable to that of the Ar/N  second 

positive laser. 

Supported in Part by Contract N00014-72-C-0478 from ARPA through ONR. 
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UK' si.inli loi IU'W alimvlotcM lasers lli,i( an- hlghlv clllcl.iii IMM 

beca particularly «tlaulatcd i»y tho ra^Mireweaf ol laotupa ■aparatlua 

program, laaar-lRdllcad thermonuclear fusion schemes, and military appli- 

cations.  KUcl ion-beam pumpinR of high pressure noble gases is known to 

be very elficienl.    This has motivated us to Investigate promising 

laser systems that utilize colllslonal energy transfer from e-beam excited 

noble jjases to create population inversions between electronic states of 

1 
acceptor aolaealcat   These molecules can be selected to have lasing 

transitions with wav.lengths suitable for various applications.  For 

3-5 
example, we have made detailed kinetic studies of the argon-nitrogen   and 

6,7 
xenon-oxygen   system, in which efficient visible and u.v. laser action has 

8—11 
subsequently been demonstrated.     In this letter we suggest that an 

argon-iodine mixture is a particularly promising candidate for a laser 

of this type. 

The experimental apparatus and procedures used in this study have 

been described elsewhere.   briefly, argon gas at a pressure between one- 

half and four atmospheres and low pressure iodine vapor (99.95% purity) 

were contalnec? in a Kiaphite coated stainless Steel vessel; a rotating vane 

in the vessel promoted rapid mixing.  The iodine vapor pressure was 

controlled by adjusting the temperature of the vessel and the iodine 

reservoir.  Electrons from a Febetron 706 pulsed accelerator enterei the 

reaction chamber through a thin metal foil tn the wall.  Light emitted 

from the cylindrical reaction region passed through sapphire windows into 

a spectrometer (McPherson Model 216.5) was analyzed in second orde'r 
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(resolution o.s A), :'n(i recorded on Polaroid iiim. The time behavior 

<<i the omission w.is recorded on photagmpha oi  oscilloscope traces prodneed 

I i.MM   the output   ol    i   last   photomvi 11 ipller  (ll^S  or  HfWG).    nirnct   rompari- 

3 3 
sous  of  emission   Intcnsltlei  with   the  calibrated N     tc'n    -» B 11   )   second 

2    U     g 

positive band «ere made by flushing the Ar-I, mixture from the reaction 

chamber and relillinK xith Ar + 5^ N  at the s.-^me total pressure. 

The brightest omission feature observed In the 250 nm tn 900 nm region 

.vas a banded structure (shown In Figure 1) extending from approximately 

300.0 to 3'15.0 nm with most of the intensity between 340.0 aud 343.0 nm 

and a general decrease In intensity toward the blue. The series displayed 

obvious rcgulnrlty, with local red degraded maxima occurring every 0,95 

12 
to 1.05 nm down to 300.0 nm.   A weaker band, 2.0 nm wide, was recorded 

near 287.0 nm, and other bands wore observed near 430.0 nm and 450.0 nm 

with peak intensities at least a factor of 100 less than the 340 nm band. 

The exponential rise and fall times of all these emissions were 

approximately independent of wavelength.  For example, with two atmospheres 

of argon and room temperature iodine (~ \  torr), the rise time is 105 ns, 

and the decay lime is 225 ns.  Increased iodine pressure yielded increased 

peak intensity, reduced decay time, and only slightly reduced time- 

integrated intensity.  Detailed studies of the kinetic effects leading 

to such behavior are underway and will be reported later. 

The bright emissions near 340.0 nm have been previously observed 

with various excitation sources, and both with and without the presence 
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ol M .«V« buffer.
13»"  While Mnllikon15 tentatively suggested that 

ix • ih n-x and :t ;i 

2ii «ransltions m:iy Ju- pies,,,! in this band (see 

gn- Hr.. I), riH«ni HtuAlv*  IMVO ladlcatod that the  NfMetrowoplc assi 

menu my Uc  „um- ...„„..i^.ed. ^'^ 16 n is elo„t  hnwover# that ^^ 

enusslons arise from electronic transitions between upper ionic and lower 

covalent states of l^  Moreover, the potential minima for these states are 

at substantially different internuclear separations. 

Our present knowledge of the kinetic mechanism that populates these 

upper ionic states of ^ I, incomplete.  fhis excitation process may 

involve collisional or radiative transfer of energy from the excited argon 

Moms and excimers to the molecular iodine.  Since the argon excimer energy 

exceeds the ionization potential of 1^ ionization or dissociation (perhaps 

to I  or I ) and subsequent recombination may be involved.  Such processes 

could be highly selective in the production of the ioric states of the I 
2 

molecule and thus efficiently create the population inversion needed for 

lasing. 

16 
Tellinghulsen   recently considered the possibility of a photon-pumped 

laser operating brtween high lying vibrational levels of the excited D 

state of J2  and high vibrational levels of the ground (X) state.  Electron- 

beam excitation of high pressure argon/iodine mixtures offers obvious 

advantages, in addition to the high energy conversion efficiency of 

o-h. n pumped noble gases.  The excited | population will be rapidly 

4 
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relaxed Into |ua1 ■ fe« vibratloMl levels by eollisions, and bot tioneckinR 

«ill be prcvint.d bv rapid \il>rational rolax.i t ion ..i the lower level. 

At MLS urn the peak lik'hl HUN I rotn 2 aim. ai^on and \   torr Itxilne 

Is | that of the Kj weond positive (0-1) banJ at the aaM argon pressure 

and the same spectrometer slitwidth.  Assuming no absorption by the 

excited iodine  and that only one upper excited state is involved, the 

Bail Iron a laser operating at M2.6  nm will be | that of the N second 

positive laser operating at 357.7 nm.  As can be seen from Fig. 1 the 

fuP. width at half gain for the band will be =- 2.5 nm. 

An approximate value for the efficiency of a laser operating under 

the above conditions can be estimated as follows.  Laser efficiency is the 

product of the arson pumpinp; efficiency (50%), the fluorescence yield,18 

and the quantum efficiency (i.e., the ratio of the average stored energy 

in the noble gas to the energy emitted by the lasing molecule) which for 

argon and iodine at 340 nm is approximately 37%.    To find the fluorescence 

yield the observed |  310 nm band emissions are integrated over time, and 

over wavelength from 300 to 350 nm; this value is 700 4 180 volt-microseconds. 

The error limits arise- from the lebetron pulse reproduclbllity and from 

the untortainty in the integration over wavelength.  A sipilar measurement 

and integration over the light emitted from the N (C) under the same 

excitation conditions yields 87 + 17 volt-microseconds.  By multiplying 

the ratio of these two numbers by the 8.8% fluorescence yield for the 

N2(C) state determined from our Ar/N modeling program)5 we conclude that 
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the fluorescence yield for the Ar/I2 system is 70 ± 24%.  Total 

fluorescence effic-ency for this band is ttun 13 ± 4X. 

In ..n ..ctu.u laser the efficiency could he larger than the ahove 

value since the stimulated emission may occur before the effects of 

quenching collisions can deplete the upper state population, an effect 

not accounted for in the measurements of fluorescence yield.  We assume, 

of course, that due to collisional mixing in the high pressure gas. all 

of the upper state population can participate in the laser action. 

Furthermore, for these preliminary measurements, we have not made a 

systematic search for the optimum laser operating conditions,  m a 

system as complicated as the argon/iodine, the optimization of all the 

properties, particularly the gain, efficiency and scaling behavior, 

will require a thorough understanding of the many formation and loss 

processes.  In the immediate future we intend to investigate the Unetlc 

processef of this highly promising laser candidate. 

We would like to acknowledge the cooperation of Dr. L. D. Schearer 

who discussed with us some experimental results prior to their publication. 



•n^HHBW»i^»]iw^«^wi«iiii..iiii" tmme^^w^^mmm^mmmmmmr ^a^^Hm^m^^^Km m*mm**^^^mim*^im^*^*^ •^nm^im**   ' ■ll11 

2. 

3. 

6. 

REFERENCES AND FOOTNO^S 

D. C. Lorents and R. E. Olson, Exclmer Formation and Decay Processes 

in Rare Gases," Semiannual Tech. Report No. 1, Contr-ict N00014-72- 

C-0457, SRI Project 2018, Stanford Research Institute, Menlo Park, 

California, December 1972. 

E. V. George and C. K. Rhodes, Appl. Phys. Lett, 23, 139 (1974). 

R. M. Hill, R. A. Gutcheck, D. L. Huestis, D. Mukherjee, and D. C. 

Lorents, "Studies of E-Beam Pumped Molecular Lasers," Technical 

Report #3, ARPA Contract N00014-72-C-0473, SRI Project 1925, 

Stanford Research Institute, Menlo Park, California, July 1974. 

{. A. Gutcheck, R. M. Hill, D. C. Lorents, D. L. Huestis, M. V. 

McCusker, and H. H. Nakano, "Optical Emissions from E-Beam Excited 

Gas Mixtures", to be published in J. Appl. Phys., July 1975, Ms. R9425, 

D. J. Eckstrom. R. A. Gutcheck, R. M. Hill, D. Huestis, and D. C. 

Lorents, "Studies of E-Beam Pumped Molecular Lasers," Technical 

Report #2, ARPA Contract N00014-72-C-0478, Stanford Research 

Institute, Menlo Park, California, July 1973. 

R. A. Gutcheck, R. M. Hill, D. L. Huestis, H. H. Nakano, and 

D. C. Lorents, Bull. Am. Phys. Soc. JJ}, 1581 (1973). 

D. L. Huestis, R. A. Gutcheck, R. M. Hill, M. V. McCusker, and 

D. C. Lorents, "Studies of E-Beam Pumped Molecular Lasers," 

Technical Report #4, ARPA Contract N00014-72-C-0478, Stauford 

Research Institute, Menlo Park, California, January 1975. 

- - -  



■"-■" ■■■-■' ■ ——— *mmmmm**mt*mimmmmm 

i 

8, S. K. Searles and G. A. Hart, Appl. Phys. Lett. 25, 79 (197A). 

9, E. R, Ault, M. L. Bhaumik, a.id N. T. Olson, J. Quant. lilec. 

QE-10. 624 (1974). 

10. J. R. Murray, H. T. Powell, and C. K. Rhodes, Paper P8, VIII 

Intl. Quant. Elec. Conference, San Francisco, June 1974. 

11. H. T. Powell, J. R. Murray, and C. K. Rhodes, Paper MA2, 4th 

Conf. on Chem. and Molec. Lasers, St. Louis, October 1974. 

12. Essentially the same emissions were observed from Febetron excited 

helium-iodine mixtures, except that intensities were lower due in 

part to the reduced stopping power of helium. 

13. K. Wieland, Joel B. Tellinghuisen, and A. Nobs, J. Mol. Spectroscopy, 

41, 69 (1972). 

14. Putcha Venkateswarlu, Phys. Rev. 8J., 821 (1951). 

R. S. Mulliken, J. Chem. Phys. 55, 288 (1971). 

Joel Tellinghuisen, Chem. Phys. Lett. 29, 359 (1974). 

The absorption from ground state I2 at these temperatures is 

negligible, sec "Photochemistry," J. G. CaWert and J. N. Pitts, Jr., 

(J. Wiley and Sons, Inc., New York), 1966. 

18.  The fluorescence yield of a band is defined to be the ratio of the 

number of radiations emitted to the total number of excited rare gas 

species produced by the electrons.  The excited argon density produced 

under these excitation conditions can be determined from the known 

Ar/N  fluorescence yield by measuring the N second positive light 

flux from argon/nitrogen mixtures substituted into the reaction chamber. 

15 

16 

17 

M|j|MMajMaMM J. 



—— <^wimmmif**mmmmmm —m. ~ mmmmmm<* • ■"'  ■ ■ 

-     1 
v> 
4-' 

c _ 
3   
•>. 
(D ^^ 

n f\ 
nj —              A    N   11 '•*—• —              R   It  1 V 

>■ 

in 

UJ 

325.0 330.0 335.0 340.0 

WAVELENGTH  (nm) 
345.0 

NOTE:     Due ,o him sa.urat.on effects the vertat scale, are not l.near and the« data are presented for 

lust^fve purposes only     Curve A  .s for  ..o  Febetron shots,  Curve  B -s for 5. and Cu^ C  .s 

mmL ,h™        9ram r "$,ng,e "ne ,rt"T,' """"v C8"br8,,on •ouree ^'ch *• •«■ » -llustrate the spectrometer resolut.on.    These spectr. were taken ,n »cond order. 

SA-1925-115 

FIGURE  1 DENSITOMETER TRACES OF THE MOLECULAR  IGDlrtE EMISSION BAND 
NEAR  340 nm 
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FIGURE 2      RELEVANT POTENTIAL CURVES OF  MOLECULAR IOOINE, SELECTED 
FROM THOSE  DESCRIBED BY  MULLIKEN 
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